Aims: The present study aimed to examine and compare the socioecological correlates of park-based physical activity (PA) among Hong Kong and Leipzig older adults in terms of types of activity areas, perceived park environment, psychosocial factors, and the interactions between the perceived park environmental and psychosocial factors. Methods: Based on the SOPARC, systematic observations were conducted in six randomly selected urban parks in each city. A total of 317 Hong Kong (M age = 69.96; SD = 6.81) and 311 Leipzig (M age = 72.06; SD = 6.78) older adults from these six parks completed an interviewer-delivered survey measuring their perceived park environment, psychosocial variables, and park-based PA. Results: In both cities, the types of activity areas were positively associated with the number of older adults observed being active in parks. Psychosocial factors, especially self-efficacy and perceived barriers, had larger associations with park-based PA compared with the perceived park environment. The interaction between perceived park features and self-efficacy in the association with park-based PA was found in Leipzig, but not in Hong Kong. Conclusion: Findings of the current study contribute to the cross-cultural understanding of the socioecological correlates of park-based PA among older adults.
Introduction
Providing inexpensive and active resources in natural settings is a promising strategy to facilitate and increase physical activity (PA) [1] . In particular, urban parks have been identified as important spaces for people to be active in daily life [2] . An urban park is "an open area that is built by the local government for active and passive recreational uses" [3] . Although experimental research has proved PA in parks is related to several beneficial health outcomes in terms of cardiovascular disease, blood glucose, and mental health in comparison to the same amount of PA in non-green spaces [4, 5] , older adults do not use parks well for PA. Findings have revealed more than half of older adults never visit parks in daily life [6, 7] . Additionally, less than 1/3 of older adults engage in PA in parks [8] . Therefore, it is important to understand the park-based PA of older adults and the possible determinants to increase health-related benefits. urban conditions and population density and show large variability in urban park environments [22] . Furthermore, these two cities have a similar proportion of older adults aged 65-plus, namely, 16 .5% in Hong Kong [24] and 15% in Leipzig [25] . Per the tenets of the socioecological model and previous research [9, 10, 15] , it was hypothesized that the socioecological model would be generalizable for explaining park-based PA among older adults in the two cities [9, 19] , specifically, park-based PA in parks among older adults in both cities would be associated with: H1) types of activity areas built-in parks [10] ; H2) the perceived park environment characteristics including park safety, attractiveness, features, and proximity [6, 14] ; H3) psychosocial factors including self-efficacy, perceived benefits, perceived barriers, and enjoyment [9] ; and H4) the interactions between the perceived park environment and the psychosocial factors [15] . Considering the differences in urban park environments and cultures across the two cities, we further hypothesized that there would be some sample-specific variations in the socioecological correlates of park-based PA between Hong Kong and Leipzig [19] .
Methods
The current study involved both systematic observation and an interviewer-delivered survey in both Hong Kong and Leipzig parks from September 2014 to July 2015. A detailed description of the study design and sampling methods can be found elsewhere [22] . In brief, systematic observation was used to examine the association between types of activity areas and park-based PA (i.e., the number of older adults observed being active in parks). The interviewer-delivered survey was designed to ask older adults to report their perception of the park environment, social cognition, and park-based PA.
Study Settings and Procedure
To balance between precision and time cost, we randomly selected 6 parks as study settings in Hong Kong and Leipzig, respectively. The criteria of park selection included (a) accessible parks that were not under construction [26] ; (b) the parks represent varied geographic areas in the study cities [27] ; and (c) the parks varied in size and activity areas [13] . All the potential areas that were likely to be used for PA were identified as activity areas [28] . We selected a total of 145 and 100 activity areas from the six Hong Kong and Leipzig parks, respectively. There were no significant differences in park size (t = −1.15, p = 0.28) or distribution of active areas (χ 2 = 35.00, p = 0.24) across the parks in the two cities (see Table S1 in the online supplemental file).
Based on the manual of the System for Observation Play and Recreation in Communities (SOPARC) (28), the research group trained observers (i.e., student helpers) about how to conduct the objective and systematic observation. Observations by paired observers (i.e., student helpers) were required to reach a high level of inter-observer (IOA = 80%) and intraclass (r = 0.75) agreement after the training [28] .
In each observation, systematic observations were conducted in the selected activity areas in the same order by the paired observers simultaneously and independently. The trained student helpers also conducted an interviewer-delivered survey for the older adults who were in the parks during the time of survey. To have a balanced sample, the older adults were randomly invited to participate in our study from the busiest and least-busy active spaces in the six Hong Kong and Leipzig parks. Gender balance was also considered during participant recruitment. Eligibility criteria included (a) aged 60 and over and (b) could walk without assistance. In total, we recruited 317 Hong Kong older adults (M age = 69.96; SD = 6.81; ranging from 60 to 88 years old; 46.7% women) and 311 Leipzig older adults (M age = 72.06; SD = 6.78; ranging from 60 to 92 years old; 58.5% women).
Measures
SOPARC is an observation tool measuring PA in natural spaces such as urban parks, and it has satisfactory validity and reliability [28] . Based on the manual of SOPARC, four key aspects of observation data were collected: (a) the number of sedentary park users, (b) PA types and intensity levels in activity areas, and (c) park users' socio-demographics. To obtain a robust estimation of park-based PA among older adults, we conducted observations at four times daily (i.e., morning, noon, afternoon, and evening) on four different days (i.e., weekdays and weekends) in two seasons (i.e., fall and summer) during 2014-2015 [26, 27] . A description of the SOPARC can be found in Table S2 in the online file of supplemental materials.
Self-reported questionnaires were used to investigate (a) older adults' socio-demographics (i.e., gender, age, weight, height, education levels, and marital status), (b) psychosocial factors, (c) perceived park environments, and (d) park-based PA. Psychosocial and perceived park environment and park-based PA were measured using the assessment tools from previous research [17, [29] [30] [31] . We measured five psychosocial factors, including self-efficacy (5 items), enjoyment (3 items), perceived benefits (3 items), perceived barriers (10 items), and social support (3 items) using a 5-point Likert scale ranging from "1" (strongly disagree) to "5" (strongly agree). For the perceived park environments, we measured park safety (4 items), attractiveness (4 items), and park features (4 items) using a 4-point Likert sale ranging from "1" (strongly disagree) to "4" (strongly agree). Perceived park distance (1 item) was measured using a 5-point Likert scale ranging from 1 (less than 5 min) to 5 (over 30 min). Furthermore, the participants were asked to report their frequency, duration, and intensity levels of PA in parks during a typical week. We calculated energy consumption of park-based PA (kcal/week) by multiplying metabolic equivalents (MET) values (kcal/min) and time (min/week). The questionnaires have been back-translated to Cantonese and German by 2 independent bilingual translators. Table S3 provides a description of the measures (e.g., reliability and sample item).
Data Analysis
We evaluated the data using IBM SPSS Statistics 23 (Armonk, NY, USA; IBM Corp., 2015). Chi-square statistics were used to assess city differences in active older adults' socio-demographics, activity levels, and use of activity areas. Negative binomial regression showed better model fit in the present study in comparison to Poisson regression. In addition, Poisson regression violated the assumption of equidispersion (the "Value/df" for the "Person Chi-Square was larger than 1). Therefore, negative binomial regression was used in the present study to test the relationships between types of activity areas and the number of older adults being active in parks. Park size, gender, day period, week period, and season were included as covariates in the analyses because these variables may affect park-based PA [28] .
As previous studies suggested [32] , the associations between park-based PA and each of the perceived park environment and psychosocial variables were analyzed first, and then the factors that showed a significant independent association with park-based PA were retained in the hierarchical multiple regression models. The socio-demographic variables that showed a significant correlation with park-based PA were included in the first block of the hierarchical regression model as covariates. In the second and third steps, the psychosocial and perceived park environment factors were included separately. Finally, the interaction terms between psychosocial and perceived park environment factors were included. To test the interaction terms, all the variables were mean-centered. For significant interaction terms, simple slope analyses were conducted to assess the association between park-based PA and psychosocial variables at low and high levels (+ 1 standard deviation) of the perceived park environment.
Ethics Approval
Ethics approval and consent to participate: The current study involves human participants and the research protocol had been approved by the committee of Research Ethics and Safety (HASC) at Hong Kong Baptist University (No. FRG2/13-14/065). All participants provided written informed consent to participate. Table 1 shows descriptive characteristics of the Hong Kong and Leipzig older adults. In the systematic observation, a total of N = 3457 and N = 2665 older adults was observed in Hong Kong and Leipzig parks, respectively. We found differences in gender (χ 2 (1) = 16.46, p < 0.001) and activity levels (χ 2 (1) = 402.72, p < 0.001) between older adults in Hong Kong and Leipzig parks. Compared with older adults being observed in Hong Kong parks, a larger proportion of Leipzig older adults engaged in low-and moderate-PA in parks. Vigorous-intensity PA were more likely to be observed in Hong Kong older adults (20.6%) than those from Leipzig parks (3%). For the survey, compared to older adults from Hong Kong, older adults from Leipzig reported greater levels of self-efficacy, enjoyment, and social supports, and lower levels of perceived barriers. In addition, older adults from Leipzig perceived greater levels of park safety and attractiveness but reported larger distances from homes to parks. However, older adults from Hong Kong reported greater park-based PA than those from Leipzig, t = −2.16, p = 0.03. ; b : from 1 (strongly disagree) to 5 (strongly agree); c : from 1 (strongly disagree) to 4 (strongly agree); d : from 1 (less than 5 min) to 5 (more than 30 min).
Results

Descriptive Characteristics of the Samples
Park-Based PA and Types of Activity Areas
As Table 2 shows, the association between park-based PA (i.e., the number of older adults observed being active in parks) and types of activity areas among Leipzig older adults was significant, Wald χ 2 (4) = 928.95, p < 0.001, adjusting for park size, gender, time and week periods, and season. In comparison to the number of older adults observed in paths (i.e., the reference group), fewer Leipzig older adults were observed in playgrounds, sports fields, and fitness areas. Types of activity space were also positively associated with the number of active older adults in Hong Kong parks, Wald χ 2 (6) = 538.18, p < 0.001. With paths as the reference group, playgrounds, sports fields, fitness areas, fastened areas (i.e., open spaces that has been paved), and skate parks were less likely to be used by the older adults observed in Hong Kong parks. H1 was supported in older adults from both Leipzig and Hong Kong parks. Table 3 describes the associations of park-based PA with each of the perceived park environment factors. Perceived park safety (β = 0.10, p = 0.11), attractiveness (β = 0.10, p = 0.09), park features (β = 0.01, p = 0.94), and park distance (β = −0.05, p = 0.38) did not have a significant relationship with park-based PA among older adults from Hong Kong parks, adjusting for age and gender. The findings indicated no perceived park environment factor was included in the hierarchical multiple regression model. Therefore, H2 cannot be supported using data of older adults from Hong Kong parks. In terms of older adults from Leipzig parks, we found perceived park attractiveness (β = 0.14, p = 0.02), park features (β = 0.19, p = 0.001), and park distance (β = −0.14, p = 0.01) had a significant association with park-based PA, adjusting for marital status (see Table 3 ). Yet, the association between perceived park safety and park-based PA was not significant (β = 0.09, p = 0.12). Therefore, only perceived park attractiveness, park features, and park distance were added in the final hierarchical multiple regression model. As Table 4 shows, the three perceived park environment factors explained 3.1% of variance in park-based PA among Leipzig older adults (F(5, 271) = 6.96, p < 0.001). However, perceived park attractiveness (β = 0.02, p = 0.79), park features (β = 0.12, p = 0.07), and park distance (β = −0.10, p = 0.09) did not show significant associations with older adults' park-based PA in Leipzig parks. As such, we found partial support for H2 in older adults from Leipzig parks. Table 3 shows the associations between park-based PA and each of the psychosocial factors. For older adults from Hong Kong parks, park-based PA was significantly associated with self-efficacy (β = 0.31, p < 0.001), enjoyment (β = 0.31, p < 0.001), perceived benefits (β = 0.30, p < 0.001), and perceived barriers (β = −0.39, p < 0.001), although the association with social support was not significant (β = 0.01, p = 0.86). The influences of age and gender were adjusted. Perceived benefits, perceived barriers, self-efficacy, and enjoyment, were included in the hierarchical multiple regression model, with self-efficacy (β = 0.18, p < 0.01) and perceived barriers (β = −0.28, p < 0.001) showing significant associations with park-based PA (see Table 4 ). H3 was partially supported in older adults from Hong Kong parks.
Park-based PA and Perceived Park Environments
Park-Based PA and Psychosocial Factors
Similar findings were also revealed in older adults from Leipzig parks. Self-efficacy (β = 0.21, p < 0.001), enjoyment (β = 0.22, p < 0.001), perceived benefits (β = 0.14, p = 0.01), and perceived barriers (β = −0.31, p < 0.001) showed significant associations with park-based PA (see Table 3 ). Self-efficacy (β = 0.14, p = 0.02) and perceived barriers (β = −0.25, p < 0.001) predicted the park-based PA in the multiple regression model ( Table 4 ). These findings indicated H3 was also partially supported in older adults from Leipzig parks.
Interactions between Perceived Park Environment and Psychosocial Factors
As Table 4 shows, only one of the 12 interaction terms (i.e., perceived park features * self-efficacy) was significantly associated with park-based PA among older adults in Leipzig, β = −0.15, p = 0.03. As Figure 1 shows, the results of simple slopes analyses indicated self-efficacy was positively associated with park-based PA at the low level (+ 1 standard deviation) of perceived park features (β = 0.28, t (259) = 3.14, 95% CI (68.36, 297.73), p = 0.002), while the association was not significant at the high level (−1 standard deviation) of park features, β = 0.003, t (259) = 0.03, 95% CI (−112.03, 115.46), p = 0.98. H4 was partially supported in older adults from Leipzig parks. However, it was not supported in older adults from Hong Kong parks because neither perceived park environments nor interaction terms can predict park-based PA. 
Discussion
The present study aimed to examine and compare the socioecological correlates of park-based PA among older adults from both Hong Kong and Leipzig parks in terms of types of activity areas, perceived park environment, psychosocial factors, and the interactions between the perceived park environments and psychosocial factors. Significant associations between types of activity areas and park-based PA (i.e., number of older adults observed being active in parks) were found in both cities. Findings provided partial support for the associations of the perceived park environments and psychosocial variables and their interactions with park-based PA among older adults from both the Hong Kong and Leipzig parks.
The results of our study identified the importance of activity areas, especially the paths facilitating PA for older adults in parks. We found types of activity areas were positively associated with the number of older adults observed in Hong Kong and Leipzig parks. These findings align with previous studies which found that providing activity facilities in parks can promote individuals' active park use [10, 33, 34] . We also found the older adults in both Hong Kong and Leipzig parks consistently preferred to use paths compared with the other types of activity areas. This finding is in line with previous findings in which using paths for walking was the most common PA type for older adults [35] .
Our findings indicate building elder-friendly activity areas in parks, especially paths, might be a better strategy for improving older adults' park-based PA.
Although park attractiveness, park distance, and park features were significantly associated with park-based PA among older adults in Leipzig, none of the perceived park environment correlates were found in Hong Kong older adults. The substantial variation in perceptions of physical environment has been revealed in previous research [2] . The different results may reflect variations in the cultural, social, and park-built environments of the two cities [21] . Park environments in Leipzig probably play a more important role for facilitating older adults' PA than in Hong Kong, where parks are considered to be equally accessible and elder-friendly and the low variability in the park environment may hamper the environment-PA relationship [20, 36] . An additional explanation for the non-significant environment-PA relationship is that a larger amount of variance in park-based PA was explained by psychosocial factors compared with the perceived park environment factors. This might indicate the perceived environmental factors have little effect on PA beyond individuals' social cognition [16] . Future research might consider investigating a larger number of parks as well as combining objectively measured and perceived physical environments to examine park-based PA across different geospatial locations.
Regarding the psychosocial correlates of park-based PA, self-efficacy and perceived barriers were consistently associated with park-based PA among older adults in both cities. Significant positive association between self-efficacy and park-based PA aligns with previous studies demonstrating the improvement of self-efficacy on increasing older adults' PA in leisure time [18, 37] . It might indicate older adults who are commonly active in parks are those with high self-efficacy for PA. The negative relationship of perceived barriers with park-based PA is consistent with the qualitative findings that some barriers such as health problems and time constraints may hamper older adults' park use for PA [35] . Future studies might consider exploring what kinds of barriers inhibit older adults from participating in park-based PA and developing the behavior change interventions targeting the increase of older adults' self-efficacy and the decrease of their perceived barriers [38] .
Findings on older adults from Leipzig parks demonstrated perceived park features moderated the relationship between self-efficacy and park-based PA. We found self-efficacy had greater effects on park-based PA in the older adults with lower perception of park features, whereas, for those with greater perceived park features, the effects of self-efficacy on park-based PA did not reach significance. Similar patterns for the interaction between self-efficacy and park features have been found in recreational walking [17] and moderate-to-vigorous PA [39] . A possible understanding of these results is that older adults with great satisfaction with park features prefer to use parks for PA, regardless of the levels of their self-efficacy [15] . It is, therefore, suggested older adults with high self-efficacy may be easily cued by elder-friendly park environments to act according to their motives and, in turn, contribute to the increase of park-based PA. Future park-based PA promotion intervention for older adults might consider how to increase their self-efficacy levels based on social cognitive theory [38] .
Findings of the current study indicated that there were some variations in park-based PA and the socioecological correlates between Hong Kong and Leipzig [19] . The current study observed a larger proportion of Leipzig older adults engaging in low-and moderate-intensity PA than those from Hong Kong parks, while the proportion of vigorous-intensity PA was larger in Hong Kong parks than Leipzig parks. This indicates that older adults in Leipzig parks did not perform PA as highly as did older adults in Hong Kong parks. The variation in park-based PA could be explained by the differences in living contexts between the two cities. Compared with Leipzig, Hong Kong has extra higher population density and walkability, making urban parks in Hong Kong more accessible for older adults to use. An additional understanding for this variation is the ethnic and cultural differences between Hong Kong and Leipzig. Collectivist contexts like those from Hong Kong tend to engage in group activities such as Tai chi and dancing in parks and have more social considerations when visiting parks [22] . Compared with Hong Kong older adults, older adults in individualist cultures such as German are more likely to participate in individual activities and make decisions from personal considerations like self-efficacy, enjoyment, and attitudes [15] .
Furthermore, substantial differences were revealed in the perceived park environment correlates of park-based PA between the two cities. The differences in perceived park environmental correlates of park-based PA across the two cities support our hypothesis the geographic differences in the two cities may influence some sample-related variations in the socioecological correlates. These findings align with previous studies in which perception of physical environments varied by regions [40] , which can be explained by the differences in population density and the park-built environment across diverse regions [22] . Considering the small sample size of the current study may underestimate park-based PA and the socioecological correlates, future research is needed to have a large sampling design to examine the cross-cultural differences.
Study Limitations and Strengths
Limitations of this study need to be acknowledged. First, the cross-sectional design makes it difficult to infer any causal relationship between park-based PA and the socioecological correlates. Further research is needed to conduct quasi-experimental or longitudinal investigations, by which the causal inferences could be reached [8] . Second, when counting the numbers of (active) park users, the inter-observer consistency may lead to misclassification bias using SOPARC. Therefore, in line with the manual of SOPARC [28] , all the observers were well trained and reached satisfactory inter-observer agreement. Third, the impacts of selection bias on older adults' park-based PA cannot be excluded given the cross-sectional nature of the current study because "selection bias" might occur when people decide to live in the places with active resources [41] . The "selection bias" may bring an overestimation of park environments because older adults consider urban parks as recreational resources for active lifestyles. Longitudinal and experimental design should be considered in the future to eliminate the influences of bias in selection [8] . Finally, this study recruited s small sample from limited urban parks in the Hong Kong and Leipzig. Future research should have a larger sampling design for a robust estimation.
The study also has several strengths. First, we used a multi-method research design including systematic observation and interviewer-delivered surveys to estimate the multiple influences on park-based PA. Second, the association between types of activity areas and number of active older adults was objectively examined using SOPARC, which offers its ability to objectively evaluate PA in park in terms of PA types, intensity levels, and temporal habits, instead of using self-reported measures that may induce response bias [7, 28] . Third, we assessed older adults' perception of the park environment in relation to their park-based PA. Compared with objective data about the park environment, findings of the perceived park environment show greater advantage for us to understand park-based PA because older adults could report a value judgment regarding the park environment and, in turn, their perceptions may influence their decisions and behaviors [6] .
Conclusions
This study is the first cross-regional study examining and comparing socioecological correlates of park-based PA among older adults from Hong Kong and Leipzig parks. The findings supported the associations of activity area types, especially paths, with older adults' park-based PA. Psychosocial factors of self-efficacy and perceived barriers compared to the perceived park environments showed larger influence on park-based PA among older adults from Leipzig parks than older adults from Hong Kong parks. The interaction between perceived park feature and self-efficacy when explaining park-based PA was found in older adults from Leipzig parks but not in older adults from Hong Kong parks. Practically speaking, our findings can inform the natural experimental studies using parks to promote active aging on increasing older adults' park-based PA. Findings of the current study contribute to the cross-cultural understanding of the socioecological correlates of park-based PA among older adults.
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